OBJECTIVE: To evaluate whether snacking would improve weight loss and weight maintenance in overweight individuals within the context of a structured meal replacement (MR) weight loss program. DESIGN: A prospective 24 week, 2 (snacking vs nonsnacking) Â 2 (MR vs meal replacement augmented with snacks (MRPS)) randomized trial. Participants were instructed to limit their total daily intake to 1200 (women) or 1500 (men) kcals. Those receiving the MR program were instructed not to snack while those in the MRPS program were told to snack three times per day. SUBJECTS: A total of 100 participants were block-randomized, based on prestudy snacking status (high vs low), to receive a standard meal replacement program (MR) or MRPS. MEASUREMENTS: Weight, height, blood pressure, lipid fractions, glucose, and insulin were assessed at the baseline, 12-, and 24 weeks. RESULTS: Completers analysis at 24 weeks demonstrated a significant time effect (F(1,46) ¼ 44.6, Po0.001), indicating that all participants lost significant amounts of weight regardless of group assignment. An intention-to-treat model resulted in similar results. By week 24, the average weight loss across groups was 4.6 kg. There also were significant improvements across all groups among completers for systolic blood pressure (P ¼ 0.047), cholesterol (P ¼ 0.001), LDL (P ¼ 0.001), glucose (P ¼ 0.004), and insulin (P ¼ 0.001) at week 12, and glucose (P ¼ 0.001) and insulin at week 24 (P ¼ 0.003). CONCLUSIONS: Our results suggest that a participant's preferences for snacking did not affect their response to treatment. Snackers and nonsnackers responded equally well whether they received a standard meal replacement program or one augmented with snacks.
Introduction
Increased meal frequency may improve appetite control and prevent individuals from overeating at the next meal. [1] [2] Fabry and co-workers [3] [4] [5] and Kant et al 6 demonstrated significant inverse relationships between meal frequency and body weight. Ma and co-workers 7 also found that participants who reported four or more eating episodes per day experienced a 45% decreased risk of obesity. Meal frequency and snacking also may affect plasma lipids. 7 For example, participants in a prospective cohort study who reported eating more frequently during the day experienced significant decreases in their overall total cholesterol and LDL cholesterol levels, but no decrease in BMI or weight, even though they experienced a higher daily intake of energy from fat, fatty acids, carbohydrates, and proteins. 8 Other studies 9, 10 have found similar results, that is, total cholesterol and LDL cholesterol levels were lowered regardless of the intake of total and saturated fats, leading some investigators to conclude that greater meal frequency may play an important role in changing fasting serum lipid levels due to changes in insulin secretion. 9 However, these studies suffer from methodological limitations such as dietary under-reporting, misclassification of meal frequency, and post hoc changes in diet patterns that may affect any conclusions about snacking and weight. 11 The aim of the present study was to evaluate whether snacking would improve weight loss and weight maintenance in overweight individuals within the context of a prospective, randomized trial using a meal replacement (MR) weight loss program. Secondary objectives included whether snacking improved other markers of cardiovascular disease risk, including blood pressure, plasma lipoproteins, fasting blood glucose, and insulin. While MR strategies have been demonstrated to be extremely effective in producing significant weight losses, [12] [13] [14] [15] [16] [17] energy deficit diets frequently suffer from the liability of leaving individuals feeling hungry, a significant risk for relapse. 18, 19 In addition, no studies to date have evaluated the use of snacks within the context of meal replacement programs or with individuals who are high-frequency snackers.
Methods
Participants A total of 100 participants (50 'snackers' and 50 'nonsnackers') were recruited through the Nutrition Research Clinic's Recruitment Database and by word-of-mouth. Study inclusion criteria required that participants be between the ages of 35 and 55 y, have a BMI between 25 and 30, blood pressure less than 140/90 mmHg, fasting blood glucose less than 126 mg/dl, prescriptions for current medications must have begun at least 2 months prior to screening, and have plans to remain in Houston, TX for 1 y after beginning the study. Exclusion criteria included the presence of insulin dependent diabetes, pregnancy, significant conditions, diseases, or medications which could impact the results of the study, previous participation in any weight loss study by the Nutrition Research Clinic, or weight loss greater than 10 pounds during the last 6 months. Participants who reported current use of antihypertensive or antidiabetic medications (insulin or oral agents) were allowed to participate. In total, 323 potential participants were prescreened via the Weight Loss Study Screening Questionnaire. Of those prescreened, 191 were screen failures. The main reasons for failure were having a BMI exceeding 30 kg/m 2 or not meeting the criteria for the snacking or nonsnacking categories. Snacking status was determined by how participants answered questions about the number of meals and snacks that they eat on weekdays and weekends on a snacking habit questionnaire. Participants with an average of 4.5 daily eating episodes or less were classified as 'nonsnackers', while those whose average was 5.5 or more were classified as 'snackers.' Participants whose average daily eating episodes were between 4.6 and 5.4 were ineligible for the study. These cutpoints were based on data on meal frequency in the US from NHANES, which demonstrated that men and women ate at an average of 5.3 and 4.9 meals per day, respectively. 5 Thus, our definition of 'snackers' exceeds the average meal frequency of adults. We used this extreme groups approach to maximize potential differences in how the snacking products might be used, reasoning that high-frequency snackers might benefit most from a weight loss program augmented with snacks. In total, 132 individuals were asked to attend a fasting screening visit. Of those, 26 did not attend, six came but were screen failures and 100 passed the screening process. Randomization was in a block design balancing snackers and nonsnackers into receiving either MR alone or MR þ snacks. The recruitment and randomization of participants are presented in Figure 1 .
Baseline characteristics of participants in the four groups are presented in Table 1 .
Measures
Weight was measured at each clinic visit on a calibrated balance beam scale with participants wearing light clothing and without shoes at all measurement and brief clinical visits. Height (baseline only) was assessed using a wall mounted stadiometer. BMI was calculated as weight (kg)/ height (m) 2 . Lipid fractions (total cholesterol, HDL, LDL, VLDL, and triglycerides) were assessed at the baseline, 12-, and 24 weeks with 12-h fasting blood samples drawn by the Atherosclerosis Clinical Research Laboratory of The Methodist Hospital, Houston, TX, USA.
Blood pressure was measured in the seated position using the same arm and the same appropriately sized cuff was used throughout the study. In addition, all readings were taken at approximately the same time of day (72 h). For each indicated measurement of blood pressure, three separate readings at approximately 2-min intervals were recorded and the last two were averaged.
Procedures
Snacking and nonsnacking participants were assigned to a 24-week program of MR alone (Slim Fast) or meal replacement augmented with snacks (MRPS) (Slim Fast þ snacks). The efficacy of the Slim Fast MR program for weight loss has been established in a number of short-and long-term studies (eg Ditschuneit et al, 13 Flechtner-Mors et al, 14 Heymsfield et al, 15 Rothacker, 16 and Noakes et al 17 ). Women were instructed to limit their total daily intake to 1200 kcals and men to 1500 kcals per day and were given a book with kcals counts for individual foods including fast-foods. Slim Fast coupons for shakes, meal bars and snack bars were dispensed at each 2-week visit to each group. Also, Slim Fast pasta and soup products not available on the market when the study started were furnished to all of the study participants. Participants in the snacking conditions were told to use the products for both meals and snacks while those in the nonsnacking groups were told to only use the products for meals.
All participants were asked to use a minimum of two Slim Fast products a day. Those participants in the MR þ snack intervention were instructed to use Slim Fast snack bars or other foods such as fruit, low-calorie yogurt, etc, for their three snacks a day. Participants in this group also received instructions for consuming healthy meals and how to include snacks throughout the day as part of the Slim Fast Easy Options Plan. In contrast, those in the standard MR program without snacks were instructed about how to avoid excess calories between meals and were Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al explicitly encouraged to not use any snacks as part of their diet. All participants visited the center once per week and received brief counseling (20 min) from a registered dietitian.
Daily diaries were given out to both groups at each visit to be completed and returned at the next visit. The diaries were used for adherence counseling only. At each session with the Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al dietitian, problems were discussed, behaviorally-and/or food-oriented handouts were dispensed and goals were set to be completed by the next visit.
Statistical analysis plan
Separate statistical outcome models were developed for participants who completed the study at 12 and 24 weeks and for intention-to-treat models by using last observation carried forward (LOCF) for both time points, consistent with the CONSORT guidelines for randomized clinical trials. 20 Participants were randomized to treatment based on their snacking preference, with snackers and nonsnackers both randomized to either MR only (MR) or MR plus Snacks (MRPS). Thus, four treatment groups were formed, snackers in the MR group (MR/S), snackers in the MRPS group (MRPS/ S), nonsnackers in the MR group (MR/NS), and nonsnackers in the MRPS group (MRPS/NS). Data were analyzed using general linear models for repeated measures at each time point and for both completers and LOCF, resulting in four outcome models. For cardiovascular outcomes, only completers analyses were performed. Otherwise, a similar analytic strategy was followed for cardiovascular parameters as was used with weight.
Results

Intervention fidelity check
In order to determine if participants' snacking patterns matched their preassignment snacking status and their group assignment, all were asked about how many snacks they consumed on an average weekday and weekend. There were significant group differences in snacking frequency for both average weekday and weekend snacking at baseline (Po0.001 weekday; Po0.001 weekend day), 12-(Po0.001 weekday; Po0.001 weekend day), and 24-weeks (Po0.040 weekend day only; NS weekday P ¼ 0.134) (see Figure 2 ).
As would be expected, both groups of self-reported snackers (MR/S and MRPS/S) reported significantly more snacks than both self-reported nonsnacking groups (MR/NS and MRPS/NS; Po 0.001 for all post hoc tests) at baseline for both weekday and weekend day snacking. By week 12, assignment to one of the snacking groups was the primary determinant of weekday or weekend day snacking, with both the MRPS/S and MRPS/NS eating significantly more snacks than those assigned to a nonsnacking treatment condition, regardless of self-reported snacking status (Po0.001 for all post hoc tests). At week 24, both the MRPS/S and MRPS/NS reported greater snacking frequency than MR/NS (P ¼ 0.007 and 0.041, respectively). No other post hoc comparisons were statistically significant.
Overview of weight loss
There were no significant differences at baseline between patients randomized to the four groups with exception to differences in total cholesterol (P ¼ 0.050) between the snackers receiving MRPS (219.08730.60) and the nonsnackers receiving MRPS (193.60730.83). There were no Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al significant differences in attrition across groups (P ¼ 0.923), with attrition ranging from 40 to 48%. All of the groups experienced weight loss at 12 and 24 weeks, yet there were no significant differences between the groups. Figure 3 presents weight changes (kg) for the four treatment groups based on completers at each end point.
Treatment outcomes at week 12
Completers analysis. Table 2 presents weight losses at 12-and 24 weeks. At 12 weeks based on a completers analysis, there was a significant time effect for weight loss (F(1,53) ¼ 106.3, Po0.001) indicating that there was significant weight loss across groups. There was no significant interaction of treatment group with time, suggesting that groups did not differ on weight loss from baseline to week 12 (F(3,53) ¼ 0.82, P ¼ 0.983).
LOCF. The LOCF analysis at week 12 produced similar outcomes as the completers analysis. Although all groups demonstrated significant weight losses (F(1,96) ¼ 77.5, Po0.001), the treatment group by time interaction was not significant (F(3,96) ¼ 1.6, P ¼ 0.185).
Treatment outcomes at week 24
Completers analysis. A completers analysis at week 24 (see Table 2 ) demonstrated a significant time effect (F(1,46) ¼ 44.6, Po0.001), indicating that participants lost significant weight across groups. The treatment group by time interaction was not significant (F(3,46) ¼ 0.29, P ¼ 0.835), suggesting no differential treatment effect.
LOCF.
As with the completers analysis, there was a significant time effect (F(1,96) ¼ 46.69, Po0.001), while the treatment group by time interaction was not significant (F(3,96) ¼ 0.58, P ¼ 0.629). Table 3 presents cardiovascular outcomes for completers at each of the study measurement points.
Cardiovascular outcomes
General linear models with repeated measures were used to examine treatment effects at 12 and 24 weeks. There were Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al significant improvements across groups among completers for systolic blood pressure (P ¼ 0.047), cholesterol (P ¼ 0.001), LDL (P ¼ 0.001), glucose (P ¼ 0.004), and insulin (P ¼ 0.001) at week 12 and glucose (P ¼ 0.001) and insulin at week 24 (P ¼ 0.003). There were no significant differences among the groups on changes in the cardiovascular parameters.
We also examined the CVD outcomes using LOCF values. There were significant improvements across groups at 12 weeks for systolic blood pressure (P ¼ 0.042), cholesterol (P ¼ 0.001), LDL (P ¼ 0.001), glucose (P ¼ 0.001) and insulin (P ¼ 0.001) at week 12. At week 24, cholesterol (P ¼ 0.032), LDL (P ¼ 0.048), glucose (P ¼ 0.001), and insulin (P ¼ 0.002) improved. However, there were no significant changes by group status at either time point.
Discussion and Conclusion
The results of our study suggest that the participants' preferences for snacking did not affect their response to treatment. Snackers and nonsnackers responded equally well whether they were in the MR or MRPS intervention with all groups losing between 4.6 and 6.1% of initial body weight. As noted earlier, we classified participants as snackers or nonsnackers using cutpoints that were based on data on meal frequency in the US from NHANES. This approach represented what Shadish et al 21 have referred to as sampling based on heterogeneous instances or extreme groups, which attempts to maximize potential group differences on an independent variable of interest. To the best of our knowledge, no previous studies have attempted to classify and randomize participants into a weight loss study based on their self-reported snacking status, so there is little precedent to rely upon for guidance. 22 Hampl et al 22 attempted to classify snacking status in an observational study, but only used a crude frequency measure to classify individuals as multiple or never snackers. It is possible that our approach was insensitive or inaccurate in classifying snackers, thus leading to null results with respect to matching snacking status with the use of snacks. 23 Another possibility is that our weight loss program was too intensive and a less intensive program may have yielded differences across conditions and by snacking status. Our weight loss results are similar to those reported in other meal replacement studies. For example, a metaanalysis of meal replacement studies found that participants lost an average of 6.28 and 7.31% of initial body weight at 3 and 12 months, respectively, across six studies. 15 These studies have reported similar short-term improvements in other cardiovascular parameters such as blood pressure, lipids, and glucose. Thus, the inclusion of snacks in our study did not mitigate weight losses produced by a meal replacement program or appear to increase risk for weight gain. However, the increased meal frequency in the MRPS group did not result in greater improvements in lipids or other CVD risk factors (eg, glucose, insulin, blood pressure), as sometimes seen in previous studies evaluating benefits associated with greater meal frequency (eg Ma et al, 7 Cunnane and Rao, 9 and Arnold et al 23 ) .
A limitation of our study was the attrition experienced at both 12 and 24 weeks, a total of 50% at 24 weeks. Thus, our ability to detect group differences based on snacking status was clearly hampered by attrition, as well as the high variability in weight changes. However, only six participants complained about the use of the meal replacement products or their group assignment. Thus, while our attrition was similar to that reported in other MR or other recent caloric restriction studies (eg Ashley et al, 12 McManus et al, 24 and Samaha et al 25 ) , attrition across groups was not differential and our results were only modestly changed when using conservative ITT models to address loss to follow-up.
In conclusion, our results demonstrated that the addition of snacks to a meal replacement program did not negatively impact weight loss or CVD risk factors when compared to a standard meal replacement program alone. Classifying participants based on their self-reported status as high vs low-frequency snackers did not improve treatment outcomes, that is, snackers who received the MRPS program did not experience greater weight losses when compared to snackers receiving MR alone. However, our study was limited by attrition and high variability in weight changes. Thus, while we could not demonstrate that treatment matching Weight loss with meal replacement and meal replacement plus snacks WSC Poston et al based on self-reported snacking status enhanced outcomes, our lack of significant findings also might be due to type II error. Future research should attempt to replicate our study with larger samples. To the best of our knowledge, this is the first study that actually assessed and randomized participants to treatment based on their snacking status in a weight loss study paradigm.
